Abstract
Introduction
As the pollution of world becomes more and more serious, the energy crisis is coming. Moreover, along with the sustainable development of low carbon economy, new energy automobile industry has get more attention because of its energy saving and environmental protection. Since our country has added into WTO, the new energy automotive industry in our country has made a significant breakthrough. In 2010, the State Council listed the new energy automotive industry as the strategic emerging industry which leading the development of economic. In 2012, the State Council put forward to seize the opportunity to speed up the cultivation and development of new energy automotive industry, because it can not only alleviate the pressure of energy and environment, but also help to accelerate the transformation and upgrade of the automotive industry. According to some scholar, in the 2014 and 2015, China new energy automobile industry will increase explosively [1] . Therefore, it is significant to develop new energy automotive industry as it can implement the national energy-saving emission reduction strategy and change the mode of economic growth.
However, the development of Chinese new energy automobile industry still faces many challenges, especially the insufficient investment of the core technology field. And it has not yet formed a perfect system of technology innovation. The commercialization of new energy automotive progressed at a slow pace. The new energy automotive products in high cost, the key technology has not developed, the new energy automotive industry is still in the initial stage and other problems that exist in enterprises, such as inadequate investment, local protectionism and other specific issues. Some scholars have found the effect of path dependence unavoidably exists in the process of new energy automotive industry development, And will lead automobile industry to lock in traditional technical and institutional development path [2] . Under this background, it is an important research topic of how to improve operating efficiency of the new energy automobile enterprise and how to enhance the competitiveness of new energy automobile industry.
Based on the above background, firstly, this article starts from view of operating efficiency, and use s super efficiency DEA model to measure the operating efficiency of the new energy automotive listing corporation. Secondly, the further research is to study the dynamic change of total factor productivity (TFP) of new energy automobile industry listing corporation by using the Malmquist index method. The purpose is to find out the factors that influent the operating efficiency of new energy automobile enterprises. Thereby to improve the operating efficiency, enhance the overall competitiveness, and promote the development of new energy automotive industry.
Literature Review
With the government's strong support and promotion, the new energy automobile industry is booming. In recent years, scholars at China and abroad have made lots of research on the new energy automotive industry from different angles according to different research purposes. Nevertheless, these researches mainly focus on qualitative research on the development of new energy vehicle technology and industrialization namely. The research of quantitative research on the new energy automobile industry and enterprises is rare, needless to say the research of new energy automotive industry business performance of the company.
The research of foreign scholars on automobile enterprise efficiency and influence factors is earlier. SeemaSharma (2006) [3] studied India automobile industry by using the method of total factor productivity index analysis, and further explored the influence factors of automobile industry efficiency. Papahristodoulou (1997) studied the production efficiency of German car enterprises using DEA model [4] . Many scholars used DEA model to analyze the traditional automobile industry or the automotive component manufacturing production efficiency, and put forward some suggestions and countermeasures to improve the production efficiency of automobile enterprises (R. J. Orsato and P. Wells, 2007; Saranga, 2009; Nandy, 2011) [5] - [7] .
Research on automobile enterprises efficiency of Chinese scholars was later. Yong Wang (2010) studied the efficiency of automobile enterprises by using the DEA method., and come to the conclusion that the total factor productivity of auto mobile industry listing corporation was in an upward trend between 2001 to 2008 [8] . In addition, some scholars found that technical efficiency contributed greatly on total factor productivity of China's automobile enterprises (Zenghui Li, 2012, Xianjin Wu, 2011) [9] [10] . What had discussed above were the traditional research in the automotive industry, the researchs for new energy automobile industry were quite few, not to mention about the study on the performance of new energy automobile enterprises. Recently, the study mostly focued on its industrial policy, enterprise strategy and regional development, For instance, Yang Ping and Ke Chuan Yi (2011) [11] made SWOT analysis of new energy vehicles. They concluded that the new energy automotive industry should establish industry alliance, integrate the advantage resources to the development of new energy vehicles in China; increase investment in research and development, increase policy subsidies, improve the supporting facilities, strengthen international cooperation and so on. There were scholars also making qualitative research on new energy vehicles, Jing Ruan (2010) [12] used comparative analysis and expert scoring method on the basis of evaluation index system of new energy vehicle, and further used fuzzy comprehensive evaluation method to judge comparison of the advantages and disadvantages of its development, finally obtained the long-term new energy technology development route. In addition, some scholars established inputoutput index system to study the technology innovation efficiency of new energy automotive industry (Wang Wei, 2013) [13] [14] . The business model is the key to the industrialization of new energy vehicles. In order to construct the need for new energy vehicles business model. We should entail the explicit priorities, macroguidance and coordinating the related interests [15] . As the battery is the critical part of new energy vehicle, some scholars studied research on the performance and service life of batteries membrane of new energy automotive [16] [17] . Moreover, many scholars focus on the analysis of policies for new energy vehicle by making researches on the problems and challenges in China's new energy vehicle industry [18] - [21] .
By sorting out the early scholars study on the new energy automotive industry we found that, from the qualitative perspective, the prior analysis of new energy vehicles is lack of objective data of enterprise input and output. Therefore, this paper will analyze the static and dynamic efficiency of new energy automobile industry listing corporation by using the method of super efficiency DEA model and Malmquist index. Thus this paper will put forward some reasonable suggestions to improve the performance the new energy automotive industry and enhance the core competence of the new energy automotive list companies.
Research Methods and Data Processing
By reading literature we found that scholars who studied on the management efficiency of enterprises were more likely to adopt the DEA model, however most of the existing DEA model has short comings: Firstly, if there are more than one effective DMU it cannot distinguish them effectively. Secondly, DEA model cannot study the dynamic changes unit efficiency. Based on this, this paper uses the method of super efficiency DEA to compare of multiple efficiency DMU, and uses the Malmquist index approach to analyze the dynamic efficiency of total factor productivity of new energy automobile industry listing corporation.
The Super Efficiency DEA Model
The super efficiency DEA model was composed by Andersen and Pelersen in 1993 which based on the DEA model. The model can compare the efficiency between the various effective DMUs. In this paper, we choose super efficiency DEA model to study the performance of the listed new energy automobile company in China. The model is input oriented. 
Malmquist Productivity Index
The Malmquist index was developed by Swedish economist Malmquist in 1953. It based on the distance function which regarded as a kind of consumption index. Caves and Fare applied it to calculate the index of multiple inputs and outputs of the total productivity change. Total factor productivity (TFP) refers to the comprehensive productivity. It is widely applied to the enterprise productivity. Study on the window period of S to T, of variable returns to scale, output oriented Malmquist index can be defined as: 
Equation (3) d y x is the distance function of variable returns to scale. The expression for the first term is "technological progress". The second is scale efficiency change; The third is "pure technical efficiency change". Total factor productivity (TFP) can be decomposed into technological progress, pure technical efficiency and scale efficiency change. Technical efficiency change is further decomposed into pure efficiency change and scale efficiency change. When the technical efficiency change is greater than 1, it indicates that T period is much more close to the production surface relative to the S period, explained that the enterprise has improved the efficiency due to the effective management and decision. Otherwise is invalid. The same as the technical efficiency change. When it is greater than 1, indicates that the enterprise improve its efficiency due to technological progress, and vice versa. When total factor productivity is greater than 1, it shows that total factor productivity is increased, and vice versa is reduced.
Choosing Evaluation Indexes
The key research and analysis of DEA model is to select the input and output indicators reasonably. This paper follows some principles when select the indicators, such as the index should reflect the competitiveness level of DMU objectively. The data can be obtained, Moreover this paper selects the following indicators based on literature and experts' consultations.
1) The input index For enterprises, investment of resources can be divided into human resources, material resources and financial resources. Therefore, the input index can define into the number of employees (X1), total assets (X2), the main business costs (X3). Every employee in the enterprise carries out their duties to bring the enterprise benefit. The total assets of the enterprise including the fixed assets, current assets, intangible assets and other material resources, The total assets is the basis of enterprise management and development. Main business cost refers to all the expenses occurred by company's main business in the production and business operation process, including the production of raw materials, the sales cost and other costs. This index reflects the enterprise's financial resources from the angle of investment cost.
2) The output index Standing in the perspective of stakeholders, the enterprises output can measured for its contribution to the stakeholders. Stakeholders of the firm are mainly divided into shareholders, employees, creditors and the government. Accordingly, the output indicators divided into net profit (Y1), employee compensation (Y2), interest expenses (Y3) and income tax expense (Y4).
Research Object and the Data Source
The new energy automotive industry chain involves in many enterprises. The sample comes from the new energy automotive industry plate in Shanghai and Shenzhen stock market. The sample also refers to the "2013 energy-saving and new energy vehicles Year book". The sample excludes ST companies, a serious lack of data and incomplete disclosure of the company. Finally the paper selects 36 companies as the research samples. All the data come from financial statement of these 36 listing corporation from 2011-2013.
Empirical Analysis
Based on the input oriented DEA-BCC model, this paper uses DEAP 2.1 software to measure the output management efficiency of 36 new energy automobile industry listing corporations in 2013. The article also figures out the technical efficiency, the pure technical efficiency and scale efficiency value of each DMU. In DEA evaluation, while technical efficiency is equal to 1, the production of the enterprise is efficient, and we called it DEA effectively. Otherwise if the technical efficiency is less than 1, the production of the enterprise is inefficient. Due to there are more than one efficiency value of new energy mobile listing corporation, in order to calculate the efficiency value further ,this paper uses EMS software to calculates the super efficiency DEA on DMU. The DEA efficiency and calculation efficiency of super DEA are as shown in Table 1 .
Analysis of DEA Model
From the overall perspective, in 2013, 9 of the 36 new energy automotive listed companies are DEA effective, it accounts for 25% of the total and the average comprehensive performance scores 0.706, indicating that these 9 decision units are in the efficient production frontier. The remaining 27 companies are non DEA effective, indicating this 27 enterprises resources have not reached the optimal configuration. They can still improve and optimize the allocation of resources. The least level of comprehensive technical efficiency is the Great Wall electrician which only scores 0.18. The overall result shows that the level of resource configuration of new energy automotive listing corporation is not high. According to the data in Table 1 , we can divide the new energy automotive listing corporation into three categories:
The first class is the pure technical efficiency and the scale efficiency are less than 1. It means that the scale and efficiency of the company are invalid. There are Baotou Steel Rare Earth, Jianghuai Automobile, founder motor, Xu Ji electric, Jinlong automobile, Zhongtong bus, Tongji Science and technology company. On the one hand, the allocation of resource of these companies is not rational. On the other hand, the level of management efficiency of these companies is not high, the scale of operation needs to be improved. In order to improve the operating efficiency, the companies need to expand the scale.
The second category is the pure technical efficiency scoring 1 but the scale efficiency less than 1. There are 6 companies belong to this category. The allocation of resource of these companies is relatively efficient. Xiamen tungsten industry, BYD, Siyuan electric listing companies are in the decreasing returns to scale stage, indicating that the allocation of resources of these companies is not reasonable. The outspread rate is too rapid and resource utilization rate is too low. Therefore, these companies need to improve efficiency by downsizing properly. Auto Electric Power Plant, Hainan Sundiro Holding are at the stage of increasing returns to scale, it improves that the development trend of the enterprise is good, these companies can increase the output by increasing the human capital and other production factors, so as to improve the performance of the company.
The third category is the scale efficiency and pure technical efficiency scoring 1. It means that the integrated technical efficiency value is 1, and the scale and efficiency of these companies are effective. There are 8 companies belong to this type. The size of configuration and the factor of production resources are in the most efficient state. In order to calculate and distinguish these effective decision unit values further. This paper uses super efficiency DEA model to analyze the effective decision unit values.
Super Efficiency DEA Results and Analysis
The super efficiency DEA model can further compare the multiple effective decision unit, which will calculate the grasp of the new energy automotive industry listing corporation operating efficiency accurately. In this paper, we use EMS 1.3 software to calculate super efficiency DEA. Seen from Table 1 , the rank of comprehensive efficiency of super DEA is almost same as the traditional efficiency DEA. The top few are Inovance Technology, Wanxiang Qianchao, Xiamen Tungsten Nari Technology, BYD, Rongxin Power Electronic, Auto Electric Power Plant, Zhongheng Electric, Xiamen Faratronic, Ningbo Yunsheng. The efficiency of these companies is relatively high. The main reason is that these companies mainly focused on research and development. As a strategic emerging industry, research and development ability are the key to obtain the competitive. For example, Huichuan technology company has the research and development advantages in the new energy vehicle field to meet the customer's demand. Therefore, it had got the key customers order in 2013. As "China's Tesla", the development of Wanxiang Qianchao is also very optimistic. After acquisition the part of battery technology of Leiden energy company, it is expected to strengthen technical reserves in the automotive industry. Xiamen tungsten as the upstream supply chain enterprises of new energy automobile industry is the leading enterprises producing Ni MH battery hydrogen storage powder in domestic. Once the new energy automotive industry have developed, Xiamen tungsten industry will expand rapidly. In addition, as the charging station leader, Nari, absolutely is the beneficiaries of the development of new energy automotive industry.
Malmquist Index
On the basis of DEA research to obtain static operating efficiency the new energy automobile industry listing corporation, this paper will use DEA 2.1 software to calculation the Malmquist productivity index of the new energy automotive industry listing corporation from 2011 to 2013. The calculated results are shown in Table 2 .
The analysis of Table 2 shows as followed.
First, from 2011 to 2013, the average total factor productivity of new energy automobile industry listing cor- poration scores 0.951. It shows a negative growth of total factor productivity from 2011 to 2013. Total factor productivity of these three years has decreased by 4.9%. By the same token, technical efficiency increased by 9.8%, but technical progress rate decreased by 13.3%. It suggests that the reduction of total factor productivity is the main reason for the decline of the rate of technological progress. Technological progress has become the key factor of further development of new energy automotive industry. Second, there are 16 of 36 new energy automobile industry listing corporations achieve positive growth in total factor productivity. According to the relevant theory, when total factor productivity index falls in the interval [1.025, + infinity], it is considered that Malmquist productivity index has obviously risen. When the total factor productivity index falls in the range of [0, 0.975], it is considered that the index has obviously decreased. While the total factor productivity index falls in the interval (0.975, 1.025), the index change is relatively stable. Data showed the total factor productivity of following companies rises obviously: Clou Electronices, Rongxin Power, Wanxiang Qianchao, ZhongTong Bus & Holding, XJ Electric, Jianghuai Automobile, Zhongheng Electric, Dongfeng Automobile, Lanzhou Greatwall Electrical, Nantong Jianghai Capacitor, Inovance Technology, Ningbo Joyson Electronic, BYD. However, the total factor productivity of Jiangsu Guotai, Tongji Science & Technology, Founder Motor declines obviously. This shows that the development of new energy automotive industry listing corporation is not balanced.
Third, from the decision-making unit, the total factor productivity of CLOU electronics grows fastest. It is 63.7%. It all comes down to the technical efficiency increase (increased by 48.9%), while the technical efficiency increase is mainly due to pure technical efficiency growth (increased by 53%). On the whole, there are 16 listing corporation's total factor productivity growth rate greater than 1. Relative to other listing corporation, the decline of technology progress of these 16 companies is narrow. Therefore, the technological progress rate directly determines the level of total factor productivity value and the change value of new energy automotive industry.
Conclusions and Recommendations

Conclusions
This article carries on the analysis and evaluation of operating performance of 36 new energy automobile industry listing corporation on the base on super efficiency DEA and Malmquist index method.
The empirical results show that there are only 9 listing corporations reached DEA effectively among 36 new energy automobile industry listing corporations. From the overall perspective, the performance of new energy automotive industry is general. From the super efficiency value point of view, even DEA effective companies still have to improve the efficiency. From the Malmquist total factor productivity index, the average growth of total factor productivity of new energy auto industry listing corporation is −4.9% from 2011 to 2013, the study finds that the rate of technological progress is an important cause of the decline of total factor productivity. The result shows that in new energy automobile industry, the productivity depends more on technical efficiency to some extent, while ignoring the importance of technological progress, technological progress has become the key factor restricting the new energy automotive industry for further development.
Recommendations
Although the new energy automotive industry in China has made positive progress, as a strategic emerging industry, the listing corporations are at the initial stage overall. In order to enhance the operational efficiency of new energy automobile enterprises, promote the long-term development of new energy automotive industry. Based on the empirical analysis results, this paper proposes the following suggestions from government, industry and enterprises perspective.
1) The government should strengthen regulation policy, establish and improve the system of technology innovation. As the enterprises input enormous cost in R & D and market cultivation. On the one hand, the government should establish policy of the finance and taxation system reasonably, so that to reduce financial burdens on enterprises and guarantee the development of new energy vehicles. On the other hand, the government should establish the effective investment and financing system to the integrate capital resource, technical resource and other parties resources.
2) The development of the new energy automobile industry is inseparable from the charging network of urban infrastructure, the government should introduce relevant policies to encourage the construction of infrastructure of new energy automobile and reduce the new energy input costs. Moreover, the government should improve the efficiency of the whole management of new energy automobile companies, so that to enhance the overall competitiveness of new energy automobile industry and promote the development of new energy automotive industry.
3) From the evaluation results, Firstly, the new energy automobile enterprises should focus on technological progress, they have better increase technology research and development investment, and strengthen the independent innovation and technological upgrading. In addition, the companies should improve the efficiency of input and output of new energy automobile enterprises. Secondly, it is significant to cultivate high quality talents and scientific research team. What is more, establishing the mechanism of introducing talents is also critical. One of the feasible and effective way is to cooperate with of university in educating high-quality talents.
4) Last but not the least, the new energy automotive industry can establish industry alliance and integrate the advantage resources to strengthen the connection and cooperation of the industry chain. Only the whole new energy automobile industry chain makes balanced development can the new energy automobile enterprises cultivate core competence and promote the comprehensive development of the new energy automotive industry.
